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MICRO-OPTICS FOR ARTICLE IDENTIFICATION 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application claims priority to and benefit of both U.S. provisional application 
60/351,853 filed on January 24, 2002, and to U.S. provisional application 60/352,000 filed on 
January 24, 2002, both of which are incorporated by reference in their entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates generally to optical security devices, more particularly to 
optical security devices and identification for articles, and particularly, documents and financial 
instruments. 

2. Related Art 

Surface relief holograms, also known as embossed holograms, have been utilized to 
authenticate financial instruments and high value products for many years. The security provided 
by embossed holograms is limited by their low surface relief, typically 0.25 micron, which 
makes them susceptible to counterfeiting: stripping the hologram from the substrate exposes the 
complete holographic microstructure which can be easily used to create counterfeit tooling. 

Stripping the hologram from the substrate is effective regardless of the optical complexity 
of the hologram. Limited protection from physical replication has been achieved by patterned 
metallization and the use of frangible materials, but these approaches do not prevent holographic 
copying methods. Although photopolymer 'volumetric' holograms are not susceptible to - " 
physical counterfeiting methods, they can be copied holographicaUy. Moreover, photopolymer 
holograms also suffer from high production and application costs and small worldwide 
production capacity. 

Therefore, there is a need for compositions and methods for authenticating or identifying 
articles including identifying reproductions. 

SUMMARY OF THE INVENTION 

The present invention provides methods and compositions for authentication or 
identification of articles and counterfeit deterrence using non-holographic micro-optics and 
microstructures. The micro-optics of the present invention can be single layer, multilayer, and 
any geometrical shape depending on the desired optical effect. One aspect provides a micro- 
optically labeled article having a plurality of micro-optic structures positioned in a specified 
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pattern on a surface to display identifying optica! information. This invention has particular 
application to financial instruments including but not limited to currency or documents, but is not 
limited thereto. 

Micro-optics used to authenticate or identify articles can incorporate both geometrical 
and diffractive optics. Additionally, the micro-optics can produce an image using optical 
methods wherein the image produced is not a projection of a pigmented or inked image 
Additional aspects provide micro-optics that form images independent of illumination angle 
and/or without a printed template image. 

Another aspect of the present invention provides an article having at least one micro- 
optic structure composed of a polymer having a first and second surface, wherein said first 
surface comprises a plurality of cylindrical lenses; and wherein the second surface comprises a 
curved reflective surface and a light absorptive surface. Alternatively, the micro-optics 
mclude reflective optical elements having an effective radius of curvature to reflect light into 
specified viewing area. 

Still another aspect of the present invention includes a plurality of tapered structures 
wherein said tapered structures are covered with a reflective material such that light is reflected 
among the tapered structures until substantially all of the reflected light has been absorbed 
These micro-optics have the effect of producing a black zone or cone of darkness that can be 
used with or without reflective optics to form an image. The reflective optics can include a 
reflective material, for example a metal include but are not limited to aluminum, silver, gold, 
chrome, titanium, and nickel. 

Yet another aspect of the invention provides an article having micro-optics on at least one 
surface such that reflected light is directed away from the axis perpendicular to the at least one 
surface. Directing reflected light in this manner reduces the quality of a reproduction, for 
example a photocopy, because the photocopy device is unable to capture enough of the reflected 
light to faithfully reproduce the original. 

Methods for identifying original articles and differentiating between reproductions and 
originals base on the content and quality of images formed using micro-optics described herein 
are also provided The methods can employ single layer or multilayer micro-optics or a 
30 combination thereof. 

BRIEF DESCRIPTION OF THE FIGURES 
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FIG. 1 is a cross-sectional view of a first embodiment according to the present invention 
including three image elements. 

FIG. 2 is a cross-sectional view of the first embodiment of the present invention. 
FIG. 3 shows a first alternative embodiment of the light control optics of the present 
5 invention. 

FIG. 4 shows a second alternative embodiment of the light control optics of the present 
invention. 

FIG. 5 shows a third alternative embodiment of the light control optics of the present 
invention. 

10 FIG. 6 is a cross sectional view of another alternative embodiment of the present 

invention. 

FIG. 7 is a cross-sectional view of a further alternative embodiment of the present 
invention. 

FIG. 8 is a cross-sectional view of yet another alternative embodiment of the present 
15 invention. 

FIG. 9 illustrates an alternative embodiment of the light/control optics of the present 
invention. 

FIG. 10 illustrates how the field of view is controlled. 

FIGS. 11 illustrates one possible use of the light control material of the present invention. 
20 FIG. 12 is a cross-sectional view of an alternative embodiment of the present invention. 

FIG. 13 illustrates a cross-sectional view of a preferred embodiment of the present 
invention for producing and displaying autostereoscopic and dynamic photographic images; 

FIGS. 14a and 14b illustrate an embodiment for forming interleaved image strips in the 
emulsion; 

25 FIGS. 15a and 15b illustrate another embodiment for forming interleaved image strips in 

the emulsion. 

FIG, 16 illustrates the basic concept of the present invention for controlling the field of 

view. 

FIG. 17 illustrates how the field of view may be altered in accordance with the present 
30 invention by changing the geometry of the focusing elements of the present invention. 



3 



WO IMAM I9XJ 



PCT/IISOJ/W2J77 



FIG. 18 illustrates how the light control material of the present invention allows specular 
reflection to be avoided. 

FIG. 19 illustrates a plan view of one embodiment of the focusing elements of the present 
invention. 

5 FIG. 20 illustrates a plan view of an alternative embodiment of the focusing element of 

the present invention. 

FIG. 21 illustrates an isometric view of an alternative embodiment of the focusing 
elements of the present invention. 

FIG. 22 illustrates a cross-sectional view of the light control material of the present 
10 invention incorporating the focusing elements shown in FIG. 36. 

FIG. 23 illustrates optical properties of dome-shaped and dish-shaped focusing elements. 
FIG. 24 illustrates a cross-sectional view of one embodiment of the light control material 
of the present invention. 

FIG. 25 illustrates a cross-sectional view of an alternative embodiment of the light 
1 5 control material of the present invention. 

FIG. 26 illustrates a cross-sectional view of another alternative embodiment of the light 
control material of the present invention. 

FIG. 27 illustrates a cross-sectional view of an alternative embodiment of the light 
control material of the present invention. 
20 FIG. 28 illustrates a cross-sectional view of an alternative embodiment of the light 

control material of the present invention. 

FIG. 29 illustrates a cross-sectional view of a preferred embodiment of the light control 
material of the present invention. 

FIG. 30 illustrates a plan view of one embodiment of the focusing elements of the present 
25 invention wherein the pattern of the elements is symmetric. 

FIG. 31 illustrates a plan view of an alternative embodiment of the focusing elements of 
the present invention wherein the pattern of elements reduces diffractive effects. 

FIG. 32 is a cross-sectional illustration of the tapered structures of the light traps of the 
present invention. 
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FIG. 35 illustrates an alternative embodonent for converting 

a color image. , imaees which operates in 

0 . FIG. 36 illustrates a light control material for delaying color un g 

th e transmissive mode. & ^ substrat e. 

FiaSTUlustratesatyprcalreflec, j kzoneandbri ^ 20 neofone 
FIG. 38 illustrates the appearance of the relative oar 

embodiment, . f a micro-optic treated 

15 FIG. 39 schematically illustrates a srde view of one small rega 

substrate. w^r rerion of an exemplary substrate 

HO. 40 schematically illusua.cs a side vew of a larger regron . 

no. 42 iltastta.es .he general form of a tefle emb0(lim en.. 
HO . 43 illustta.es a typical optical film struck of an 

DETAILED DESCRIPTION OF THE INVENTION 
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30 invention can he single .aye, multilayer, and any ^ „ the 

optical effect. Because different geometric shapes confer d.fferen. op 
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microstructures, a particular geometric shape for a micro-optic system can be selected based on 
the optical properties required. Suitable geometric shapes include but are not limited to domes, 
hemispheres, hexagons, squares, cones, pyramids, stepped structures, cubes, or combinations 
thereof. It will be appreciated that the micro-optics can be convex or concave, or in recess or 
5 relief on a surface or a combination thereof. 

By the selection and arrangement of a plurality of micro-optics which comprise the 
present invention, one can create identifying and or authenticating information in relation to a 
given article with which such optics are associated on a nano-scale. Embodiments of the present 
invention disclose a range of distinctive optical effects obtained from micro-optic systems 

10 incorporating micro lenses, non-imaging collectors, prisms, wave guides, mirrors, gratings, 

structural interference filters, and photonic crystal microstructures for providing said identifying 
and or authenticating information. Many of the possible optical effects, such as optical 
interactions between discrete elements, cannot be effectively simulated by any other means, 
including holography. Exemplary microstructures of the present invention cannot be faithfully 

15 reproduced using conventional holographic reproduction processes. 

Still other embodiments provide compositions and methods for embedding the optical 
microstructures inside a substrate, entirely eliminating the optical surface relief from which a 
mechanical copy might be made. The enhanced security of embedded micro -optic document 
authentication devices depends on effective prevention of delamination. Delamination can be 

20 prevented or reduced by embedding the micro-optics into a substrate. Exemplary substrates with 
embedded microstructures utilize interlayer bonding of fabrication materials to prevent or reduce 
the ability of separating the microstructures into their constituent layers by mechanical, thermal, 
or chemical means. One embodiment provides microstructures having optical elements 
produced from at least two polymers which have similar base chemistry but different refractive 

25 index. The interlayer bonding of these chemically similar, but optically different, materials is as 
strong as the base polymer of the substrate, preventing the microstructures from being separated 
into their constituent layers by mechanical, thermal, or chemical means. 

Other embodiments of the present invention provide counterfeit-resistant document 
authentication by providing: unique visual or optical effect, ease of incorporation into a 

30 document, high counterfeit deterrence value, and low cost. Easily handled documents typically 
have a thickness in the range of 50 to 150 microns. One embodiment of the present invention 
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provides micro-optic films designed to have a thickness as small as a few microns, similar to hot- 
stamped holographic foils. Other embodiments provide micro-optics incorporated directly into 
the document substrate, utilizing the optical thickness of the substrate to provide separation 
between optical elements. 
5 Yet another embodiment of the present invention provides micro-optics incorporating 

refractive, reflective, focusing, light absorbing, diffractive, or color selection microstructures or a 
combination thereof which are manufactured to specific tolerances. Typical dimensions and 
tolerances required for successful replication are well outside the capabilities of common 
holographic reproduction methods, rendering these micro-optic systems highly resistant to 
10 counterfeiting by commonly available means. 

Surface relief holograms are typically only 0.25 micron deep, while exemplary 
geometrical optics of the present invention range from about 1 micron to about 50 microns and 
perform optical functions that cannot be obtained with devices incorporating only diffractive 
optics or iridescent effects. Direct attempts at mechanically counterfeiting the micro-optics 
15 described herein can result in variations in dimension, geometrical distortion, changes in scale, 
variations in refractive index, deviations of coating thickness, degradation of surface properties, 
misalignment of optical elements, or other deviations from the original micro-optic which 
seriously degrade or destroy the optical function of the counterfeit. Additional counterfeit 
deterrence is obtained by embedding the disclosed optical microstructures inside the substrate, 
20 entirely eliminating the optical surface relief from which a mechanical copy might be made. 

Re-origination of the micro-optic systems of the present invention is an even greater challenge to 
counterfeiting. Origination of the types of the disclosed micro-optics requires a sophisticated 
microfabrication laboratory, highly skilled technicians, and a wealth of know-how. One 
embodiment provides systems incorporating illumination-angle independent optically variable 
25 effects that cannot be simulated by print or by holographic optics. 

Without being bound to one theory, it is believed that embodiments of the present 
invention operate on light through principles of both geometrical optics (modeling light as rays) 
and diffractive optics (modeling light as waves). Macro-scale geometrical optical systems are 
essentially scale invariant: the function of the system does not change appreciably if it is scaled 
30 up or down. Micro-optic systems are scale variant because of the effects of diffraction. 
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The relative contributions of geometrical optic effects and diffractive optic effects depend 
on a large number of ractora, including me size of the nucro-optic elements in relation to tine 
.llum.na.ion wavelength. Them is „ 0 hard transition fan the geometrical regime to tine 
dtffraatve regime Ur& microbe elements, on the older of 100 microns, behave 
predominately as geometrical optics. The performance of optical elements smaller man ,0 
mtcrons is dominated by diffractive effects. Optica, elements in between these extremes exhibit a 
proportionate mix of properties. 

If diffracrion is ignoredtn the design of a micm-opric system, the actual system 
perforce win usually be degraded fa. the intended performance. By using sopped 
optical deagn methods that properly consider its effects, diffracrion can be converted fan a 
lmn.mt.on into an « eL 0 ne embodiment of tine ptesen, invention optimizes me dimensions of 
rn.czo-opt.es to us. diffraction to enhance the over.,, system perforce, and tinereby add an 
additional degree of freedom to the design. 

Merc-optic systems of the present invention inc0Iporale ^ 

mclnding holograms. One excellent example is sensitivity to illumination angle. Exemplary 
nucro-opuc systems of the piesen, invention can be easily designed which accept Ughtfana 
wide range of angiesbntremmhgb.inapa^wMi,^^,^^^^^ 
holograms cannot provide illumination angle independent effects. 

Surface relief holograms nsconstrac. a separate image for each point in die field of . 
Rumination. Each of these images appears displaced according to the relative angles of 

rifaunario "^viewing andtinedepth of me image. Rain^w holograms wiUalsoptesen, each 
™ge in different colors that vary according to the illumination and viewing angles. SurfaC e 
rehe holograms therafore appear most distinct when viewed undee point source illumination 

i ^rrr when *"* ^ a broad ** ° f -* * ~ «— 

M«ngTb,s blumns effecl Cffl be ^ by m _. ng ^ ^ ^ ^ fc 

mage. Th.s ,a no, , good tradceff since the visual depth, or three-dimensionanty, of holograms 
-tar most compelling fentuie. This is taken to its limit in 2-D holograms, or pixelgrams, which 
«e simply patterned diffraction gratings. 

Volume or phase holograms show a differant sensitivity t „ illumiMion „ . ^ 
surface relief holograms, ,hey show multiple image blu, for illumination point, ma. are 
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> i™„ n vertical plane will either fall into the 
distnbu ted in a honzonta 1 plane. n.umin«ion P— 
range of angles suitable for reconstructing the hologram, or they wt 

fflumination angle is within the range an image wtll form and the dor ft 
i over a relatively small spectral range depending on the angle. 

^i^ediop^ucevisuaUffectswhichareindependentofffluminattonangk. 

O e mhodimen.ofthepresen.invendonptovidesamicro.endcuiarhghtconu-^ 

Ic^^ 

partem. Speciftcau, designed .ones .mage the —^T^^M 
« curvature mirror surfaces, creating a virtual image just beneath * " 

virtue of the short focal lengrh, the poaitton of thts virtual tmage ts nearly cwn*. . 

project a visual pattern which varies according to the angle of vtewtng 

,0 independen.oftheilluminaUonangle^^ 

other specialized illumination such as holograms require ^ ^ 

In one embodiment, the micro-optic system produces black and wnt 

e^ted b, the cooperation o, seta of si, adjacent cylindrical lenses projecting tmage of the 

, « or 1 50 microns (6 mil). The black/white parity of each Hue switches dynamtcally 
lCT sea, or 1 ,0 mtcrons (6 rf ^ 

according to the vtewtng angle. Two neutral ^y It ^ 
pattern of black lines on the .eft side become whtte hues on the ngh. stde P 
L this example the project brighmess of one million points of Ugh. per square inch ,s 
30 controlled. 
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The «o pIic systems disclose, herein can be used for a variety of | ighI 
tenon, Becanse a ty piea, -atH „ ta syaem „ visua||y ^ ^ ^ — ^ 
hofcgrapy or p„„ t , 1, ca „ ^ as . ixmmt authentjcation ^ wiitou( 

mod.fica.,0. It ea„ a! S o he combined * . oveiprintcd image (0 ^ au 

D tmagea or mobon inMges , somewhat ^ „ , ^ ^ ^ P 

u, omination . Alteraative]yi m underlyingpattem can be - 

^ rnformabon ,o achieve enrosrereoscopic 3 . D . mo „ 0 „, ^ ^J^"" 
wfcon. overpnnong. The revered fwo-sided -mcrosmrcrure o, the micro-opdc ystems J ,„e 
h.gh aspee, rado pane™ „ inciodes makc this ^ ^ ~ - *« 

Exemplary Micro-oplics Systems 
Miotic S) , tenKaildmeft ^ ofp ^ uciiigtheiiiaie 

*** are rncorporated by reference In their emirely aa is if mU y disclosed betem, ^ 

whxch compnse the present invention. 

1. Multi-layer Micro-Optics 
^'"'-^^basicconfiguranonandoperaUonofanexemplary^^^ 

.poses a ,w„,ayer opbcal system separate, by a refractive materia. 36. « is the twdayer 
ophca, system that al,o„ s the thickness * to device „ „ tadependent rf lheprim 

eMhodn.enrofthepresentinvention.thenrstlayerconapnsesfo.nsingopdcsLlt 
«•«. teferreri ,o as the ( , e „ cl0sesl [0 fte 

opbes S^l"^ ^ °' f0CUSi " g 31 fc «* «— 

op-es 32 for hgh. drrecaona, control ,„ FIG. , the light source ,„o, shown, is tocared 



10 



\V0 113/116 1983 PCT/US03/U2377 

underneath ihe light control optics 32, and the light control material 30 is operating in a light 
transmissive mode. Three image elements (left image element 41, center image element 42, and 
right image element 43) are placed above the focusing optics 31. While FIG. 1 shows three 
image elements, the present invention is not limited to that number of image sets. The device will 
5 operate with as few as two sets of image elements (e.g., up/down or left/right) or with many 
more than that. Some applications which are not brightness sensitive could tolerate (and benefit 
from) a large number of image sets, such as four, five, or more. The relative positions of the 
image elements 41-43 and the focusing optics also is not important. The light directional control 
function may be performed with the image elements 41-43 placed either above the focusing 
10 optics 31 as shown in FIG. 1, in between the focusing optics 31 and the light control optics 32, or 
below the light control optics 32. 

Assuming the device is operating with three sets of image elements, the light control 
material is divided into three image zones-a left image zone 51, a center image zone 52 and a 
right image zone 53. The center image zone 52 is formed by positioning the associated bright 
15 zones 33 directly below the center of the lens elements 35. Light passing through the center 
image zone 52 will be directed through the focusing optics 31 above it and transmitted through 
the center image element 42 as center directed light (this light may be intercepted by the 
observer's right eye). The left image zone 51 is formed by laterally shifting the position of the 
associated bright zones 33 to the right so that the center of the bright zones are no longer aligned 
20 with the center of the lens elements 35. Light passing through the left image zone 5 1 will then be 
directed through the left image element 41 and transmitted as left directed light (this light may be 
intercepted by the observer's left eye, forming a stereo pair with the center image zone light 
directed to the right eye). The right image zone 53 is similarly formed by laterally shifting the 
associated bright zones 33 to the left. Light passing through the right image zone 53 will be 
25 directed through the right image element 43 and transmitted as right directed light (if the 

observer's position shifts so that the center image light is intercepted by the observer' s left eye, 
then the right directed light may be intercepted by the observer's right eye, forming a stereo pair). 

The image elements 41-43 will generally be composed of transparent, colored print dots 
that serve to color the light but will not control the directions of visibility of the lenses depicted. 
30 The resulting system therefore enables an observer to perceive one set of image elements from 
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one eye and a different set of image elements from the other eye, thereby creating the perception 
of autostereoscopic depth, motion or color change. 

FIG. 1 shows three sets of lenses 35 for each image element for simplicity. However, the 
present invention need not be limited to this number. The number of lenses that are spanned by 
each image element will be a design variable, depending on the printing resolution, the width of 
the image elements, and the size of the lenses. The actual number of lenses devoted to a single 
image element can range from one lens to more than twenty. A typical number will be six to nine 
lenses per image element. The image elements do not necessarily have to cover the entire, surface 
of the light control material. In general, each image element need only lie over its respective 
image zone, but the image elements do not have to be in perfect registration with the image 
zones. Also, die spacing between the image elements is not critical. Each image element does not 
have to be equally spaced from the edge of its respective image zone. 

While FIG. 2 shows the bright zones in the center image zone 52 aligned direcdy beneath 
the center of the associated lens elements 35, this alignment is not critical to the performance of 
the invention. The actual position of the lens elements over the light control optics is not 
important. What is important is the pattern of the light control optics 32. The spacing of the 
bright zones is periodic in each image zone so that the period of the bright zones matches the 
period of the lens elements. As long as the lateral spacing of the light control optics is fixed and 
the lateral positioning of the focusing optics is fixed, the relative positions of the two layers is 
not important This allows "slip" in the operation of the device and thus makes it easier to 
manufacture. 

Viewed from above without any image elements, an observer looking at the light control 
material would see a set of very fine bright strips separated by very fine black strips. The relative 
width of the bright strips would depend on the pattern of the light control optics. With one eye, 
an observer would see one set of trips that are bright. The other eye would see a different set of 
strips that are bright. The set of strips that appear bright with the left eye will appear dark with 
the right eye, and vice versa When the image elements are imposed onto the light control 
material, the observer is able to see one image element set with one eye and another image 
element set with the other eye, thus creating the perception of autostereoscopic depth, motion or 
color change. 
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Keferrin* now to FIG. 2, .he de,* of tite fusing and «*. con.ro, optics wiU be 
Keternn 0 r( ,f r o C tive cylindncal lenses 35 . 

e X p,a,ned. The focusing optics 3 .consists of an arm o ^ > 6vMtbxli „ 
Alt emative,y, .he focusing optics may consts, of ^'"^ m ^ {om m 

embossing, ..e„ impressing . Adiiti0 i«l methods suitable for 

casung. The soft embossing .echnimre . preferred becau* g ^ ^ ^ 

individual !enses 35 in me focusing optic 31 rsvery small, generally 

to 25 microns. ™ -^ent invention, showing a 

wffl preferably be a polyesfcr material, bu. other commcrcal plasU 

lh efocu Sto gop.ics31 K .*eobsen,er.Thelayerofl. ^ ^ 

wMm of one lens above it In one preferred embed men, .he da ^ z 
incident light. The opaque material 67 preteraoiy 
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absorbing optica, a,mc,ure „ r , ight d , spening . ^ ^ ^ ^ ^ ^ 

me nrf.ec.iv. surface 68 no, covered by ,he opaque serial 67 form fte bright zones 33 of toe 
ugh. conn., optic, Optional those areas tha, are .„ be bright zones 33 can also be fonrreri by 
appryrng a drffracive, holographic, or diffusing pattern 69 on the bngh, zones of the Ugh, control 
opdca The reflective surface 68 confotms ,„ diffracdve, ho,o*aphic. or diffusing pattern 69. 
The addttton of a diffr^v. patten, 69 to the surface 6S serves to eahance rhe brightness of Ure 
bngh, .ones 33 a, chosen viewing angte, The Ugh, control opdcs 32 May be .mbossed wift ft. 
same photopolymer 66 A* is used ,o emboss ft. focusftg opdcs 31. A prefer layer 68 
cona, SB of a layer of highly reflecdve melal, prferably altumnum 

Fon„a,i„„ of the da* zones 34 ,n fte Ugh, condol opdcs 32 is no, readied ,0 using an 
opaqt^aJ.Borexarcp.e.fte darkzo.es 34mayalsohe,<u ln e d b,desi^„g, fi e ldof 
cones or other geometric padents in ,he substeate 68 which have the funcdon of "capWng" 
incident light. F 8 

ta * e ^-"'«fHG.2.» 1 eligh,source(„o,shown)isaboved,efocusi„ g0 pdcs 
motfe 1 fth I0Ven ^ 0n °l )eiate nt a light reflecdve mode as compared to die Ugh, transtnissive 
mode of the embodiment shown in FIG. 1. 

While HO. 2 shows on. prefened embodimen, of the invention, mere are numerous 
atanadve ways of desigmng ft. Ugh, conlrol opdcs, as shown in HOS. 3-5. HQ 3 shows an 
atanaflv. design i„ which me « pad™ 0 f ft. m ^ optjcs I32 „ to ^ 

located ,n ftos. areas where ft. dark zones werc locattd - m fc flm ^ . ■ 

embodimen,, fte dark zones 134 are formed in ft. recessed „oteh.s createdin ftereflecttve 
subsdate 168 wift an opaque material ,67 aud fte brigh, zones 133 are formed in be,wee» The 
reladve posidons of ft. dark zone, and fte brigh, zones along fte Ugh, con.ro, „p« cs ^ ' 
reversed from ma, of fte embodimem sho M in FIG. 2. In fte embodimen. o, FIG. 3, rhe presen. 
■mvenuonwi,, funcdon i- Ugh, reflecdve mode due ,o fte presence of fte reflecdve layer 168 
FIG. 4 shows a aecond altemadve design for fte Ugh, control optics 232. In .his design ' 
fte opaqu. materia, 267 is in effec, ft. substtatt . ^ ^ m m m ^ ^ § » 

reflechv. tlay.268, preferably of aluminum, and a diffractiv. pattern 269. Thebrigh, zone, 233 
here are formed by covering selected p„ nio „ s of fte opaqu. subs.rate wift re „ Klive layera ^ 
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HG. 5 shows a ted aUemauve des.gn for he . ^ ^ jones are 

formed as transparent emols.on zones 378, -d ^ ^ ^ the 

^379.^^,^3^^*^ ^^.^ecuvelav^SK 

app ned ro ft. diffracive pahem 369 so that fte d ^ ^ ^ w)th a 

HG. 6 shows another embodiment of the tnyenuon ^ ^ ^ 

} other photo-initiateo acrylaKd epmoes «.« mfm* ^ ^ does not 

reactive refractive index) are poiyrei rpVDR(l.«), and. 

l^pmp^^,^^^^ XI. — 
polvttifluorochteoethyleneCPWCEXl. >• b making fte device more 

20 amenable for printing. The low refract- ,n de, ^ ^ ^ ^ ^ „ 
poceasanowinsth.po.ymertoheapp^ ^ ^ reftKtiv e immense* 431 

25 th omfracUveiodexofmepo 1 ymer47 1 ,the^ te rfracUve index of me photopolymer 4«i me 
m ore curved the lenses have to be. The h.g 

substrate 465 is not cnucal. A change m 
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compensated for by changing the thickness of the plastic film material. In genera,, the higher the 
refractive index of the optical substrate, the thicker the film material required. 

HO. 7 shows a further alternative embodiment for the light control optics 632 of the 
present invention. In this embodiment, the substrate is formed of a reflective layer 668 which 
composes both bright zones 633 and dark zones 634. The bright zones have a diffractive pattern 
669. The dark zones are formed of fields of cones. In their preferred form the cones in the dark 
zones have an aspect ratio of their height being 4 times their width or greater. In this manner 
light entenng the dark zones does not reflect back out of the dark zones. A photopolymer 666 as 
previously described covers the substrate. 

FIG. 8 shows another embodiment of the invention in which the relative positions of the 
focusing optics and light control optics are reversed. This embodiment also is formed usin* a < 
transparent substrate 565. The light contro, optics 532, her, used as the "outer optic", consL of 
zones 534 which appear dark from the outside of the structure but reflective from the inside of 
the structure, which zones are made by applying an opaque material 567 to a reflective substrate 
568, such as aluminum. A diffractive pattern 569 may also be applied to the reflective substrate 
,68 to enhance the brightness of the image element 564. The dark zones of the light control outer 
opuc consist of the transparent spaces between the reflective zones. The opaque material 567 
prevents the reflective substrate regions 568 from reflecting light back to the observer without 
havm g nrstbeenreflectedfrommefocusingoptics531.Thefocusingoptics531^ 
used as the "inner optic" in this embodiment The focusing elements axe formed by embossing 
photopolymer 566 to a transparent substrate 565 and coating the photopolymer surface with a 
reflective substrate 570. In this embodiment, the focusing optics 53 1 will function as focusing 
reflectors. The same photopolymer or other transparent embossing material 566 may be used to 
emboss the focusing optics 531 and the light control optics 532. 

Micro-optics can be used to identify or authenticate an object by labeling, adhering or 
embedding micro-optic systems on or into a surface of the object. For example, the micro-optics 
can be arranged in a specific pattern on or in a surface to produce a distinguishing or 
recognizable image using reflected light. This image can be formed without a prefabricated 
image unprinted or overlaid onto the micro-optics. Thus, in one embodiment, a distinguishing 
recogmzable or identifiable image is produced using micro-optics that do not contain pigment 0 ' 
for example added pigment. Because the production of the micro-optics is complex, the quality 
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of a reproduction will be readily distinguishable from non-reproduced micro-optics by 
comparing the images produced by reflected light or comparing the image quality to a known 
standard. Color, contrast, brightness are exemplary criteria that can be used to distinguish a 
reproduction from an original. Alternatively, the micro-optics can be designed to produce an 
5 image of a specific graphic, logo, text, bar code, symbol, 3D image, 2D image, autostereoscopic 
image, or unique identifier. Typical reproduction methods include photocopying or scanning. 
Thele reproduction can be readily identified because the reproduction will not include the micro- 
optics. 

2. Micro-Optics with Light Absorbing Dark Zones 
10 In another embodiment, the present invention comprises a pattern of bright zones and 

dark zones, a plurality of gradient refractive index lenses, and a transparent substrate. The pattern 
of bright zones and dark zones provides light direction control. The gradient refractive index 
lenses provide light focusing control. The pattern of bright zones and dark zones and the gradient 
refractive index lenses are comprised in a single embossed layer of photopolymer. The 
embossment is bonded to a transparent substrate which provides mechanical stability. Interleaved 
image strips may generally be located anywhere between the embossed layer of photopolymer, 
andtiie observer. The gradient refractive index lenses, also referred to as the focusing optics, in 
conjunction with the inner optic and the interleaved image strips create the perception of 
autostereoscopic depth, motion, or color change. 
20 The light control optics shown in FIGS. 9 and 10 represent an exemplary embodiment of 

the present invention for the bright zones and dark zones. Cylindrical reflectors can be used to 
create the bright zones. By using cylindrical reflectors, light is reflected from the light control 
optics through a wide range of viewing angles. The light reflected from the light control optic 
avoids any specular reflection off of the surface of the image, thereby avoiding glare and 
25 enhancing the brightness of the image. Other arcuate reflectors, such as domes or ellipses, can 
also be used in the light control optics. When ellipses are used, an even wider range of viewing 
angles is realized. However, the intensity of the light reflected from the inner optics will be 
somewhat less when ellipses rather than cylinders are used as the bright zones. 

The shape of the reflector used in the light control optic is selected in accordance with the 
30 range of viewing angles over which the brightness of the image is intended to be enhanced. Also, 
inverted dome-shaped (i.e., dish-shaped) reflectors can be used in the light control optic instead 
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of dome-shaped reflectors. The effect of using dome-shaped or inverted dome-shaped reflectors 
is essentially the same, i.e., both enhance the brightness of an image over a particular range of 
viewing angles. The bright zones will be arcuate in shape regardless of whether the light control 
optic is operating in a transmissive or reflective mode. The light control optic will be coated with 
a reflective layer of metal when it is operating in the reflective mode. When operating in the 
transmissive mode, the bright zones will not be coated with a reflective layer of metal. The light 
control optic will be discussed in greater detail below. 

The dark zones 34 are preferably comprised of a field of tapered elements. The tapered 
elements are formed by using reactive ion etching with oxygen as the reactive gas to create a 
non-uniform etch in a photopolymer. The result is a light trap comprised of stalagtite shaped 
structures which have large height-to-width ratios. The light traps will be described in detail 



below. 



One embodiment advantageously incorporates the light direction control function of the 
inner optic and the light focusing control function of the outer optic into a single layer of 
photopolymer so that one master can be created which contains the inner optic pattern and the 
gradient refractive index hole pattern and embossments can be generated therefrom. This 
substantially eliminates problems with temperature and scale control requirements which are 
generally necessary to insure that the scale of the light direction control optics and the scale of 
the focusing optics are correct. A further advantage to incorporating the light direction and light 
focusing control functions into a single layer of material is that the light can be controlled very 
precisely. 

Because the print is normally carried on a substrate, for example on conventional potato 
chip bags, a conventional printing process may be used when manufacturing a bag which 
incorporates the light control material of the present invention. The primary difference is that in 
the present invention, multiple print images must be interleaved. The process of actually printing 
the image on the substrate is essentially the same as the printing processes currently being used ° 
for this purpose with the exception that the printing plates carry interleaved image strips or print 
dots. 

FIG. 1 1 illustrates an example of one of many possible uses of the light control material 
of the present invention. The light control material comprising the light control optics 875 and 
transparent substrate 874 may be incorporated as an integral part of a potato chip bag. The potato 
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, ,„,i.S70 an adhesive layer 871, the light 
cW p bag ma, be comprised of an outer layer of p U~ ■ ^ ^ ^ ^ ^ ^ ^ 
control material of the present invenhon, a laye ^ ^ ^ ye 

t0 coaf the back surface of the light eon.ro. opt.es 875 to enhan 

iayer 879, and an inner layer of ptasuc 878. ^ ^ optjc 

FIG. 12 shows an alternative en.bod.men, of the p*s ^ ^ 

n^-*~^* 8 * h *»tST^ mas.Ifabrioatedln 

accordance with the above-desenbed metho^ *> * ^ 
bright and darkzones 918 and 920 is separated from the refr 

trans parentsobs tt a.e901. ptical sysKm whereto me layers are 

The light control matenal 900 .s two-lay P ^ 
sepafated by a transparent — 901. The outer op * 9» . 

, .cfractive index lenses are convergrng lenses whtch h ^ 
rhepnoto^me,^*^"^ 

920 may be either Ught absorbmg or bght ' above . s , ncc m e light 

contro. material 9*0 operates in the ^ ma m emfore will be 

any farther discussion of the light control matenal 900 won 

SU1, another embodiment prov.des ^ ^ ^tog images to a 

layer of emulsion having interleave, „ ^ to image stlips obtain.! 

by conventional printing. This fc ^ the micro-opries 

anguish between an original - d S "*^ The conent and quatoy of rhe 

30 ta a specific pattern to produce aa, image uamg« ^ ^ ^ ^ ^ 
imag e produced by the micro-opfes desenbed herem can 
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micro-optics have been replicated, thus indicating whether the substance to which the micro- 
optics are associated is also a reproduction. 

In a preferred embodiment, the inner optic incorporates reflective regions which redirect 
ambient light to provide back illumination of the image strips formed in the layer of emulsion. In 
5 another embodiment, the inner optic incorporates transmissive regions which provide directional 
control of light passing through the inner optic for back illumination of the image strips formed 
in the layer of emulsion. In both of these embodiments the inner optic provides the light direction 
control needed to produce the perception of autostereoscopic depth, motion, or color change. 
FIG. 13 illustrates a cross-sectional view of a preferred embodiment of the present 
10 invention for producing and displaying autostereoscopic and dynamic photographic images. 

Preferably, the light control optic 820 is comprised of bright zones 822 and dark zones 
825 which are essentially the same as the bright zones 33 and dark zones 34 described above. 
Furthermore, the light control optic may operate in a transmissive or reflective mode. In the 
preferred embodiment, when the light control optic is operating in a reflective mode, the upper 
15 surface of the light control optics is coated with a thin layer of metal, preferably aluminum, 
which provides the desired reflectivity. When the light control optic is operating in a 
transmissive mode, only the light traps constituting the dark zones are coated with the reflective 
layer of metal. In the latter case, the reflective coating of the dark zones causes reflection and 
absorption of the light which enters the light traps. The reflective layer of metal is preferably put 
20 down by vapor deposition. However, any conventional technique for coating a surface with a 
thin layer of metal is suitable for use with the present invention. Returning again to FIG. 13, the 
period of the light control optic, which is characterized by the pattern of bright zones and dark 
zones, is constant. The light control optic 820 is embossed onto a substrate S26 which is 
preferably a layer of polyester. Substrate 826 is covered with a layer of preferably print-type 
25 emulsion 830. Other types of emulsions may also be used provided that they utilize transparent 
dyes as the means for coloring. Instant film emulsions are also suitable for use with the present 
invention. The emulsion is then exposed to form interleaved image strips in the emulsion. 

The image strips are generally of the same width W as the bright zones 822 of the inner 
optic. The light control optic pattern of alternating bright and dark zones causes left directed light 
to illuminate the left image strips whereas no left directed tight passes through the right image 
strips due to the locations of the dark zones. Likewise, right directed light illuminates the right 
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„f the observer's eyes sees one set of 
...„.„., e0 scopic depth, motion, or color change. na 13 is «* 



image strips while the oawr- 

„ autostereoscopic depth, morion, or Kspect t0 FIG. 13 is that 

0„e of .he advantages of me tnventto descn* ^ ^ wWch „ 

iroa ,, stops, the field of vie* can be narrowed. *V ^.c, it . 

rr; 2::— « < sr.cu.-.--> 

^Unagestripsdnefo^factmatthe ^ toaM « 

im a g esmps,.hesmane,«hew.d.hofth. S f.ure 

20 needed to illuminate the image. which pto dnce S an effect 

The embodiment of FIG. 13 utilizes a ^^^^ method. However, the light control 

25 of the image strips as weu 

effect. , ime ,hodforin.erleavi n gmeim»gesinemu1sion830 

H0S . , 4 a and 14b Ulusrtate a first me,ho4 fo ^ ^ such , hat 

te emulsion S30 is at the focal pomt g35 and s36 . The images - 
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831, 832 of the lenses cause interleaved image strips S34 to be produced in the emulsion when 
the emulsion is developed. 

FIGS. 15a and 15b illustrate a second embodiment for interleaving the images in 
emulsion 830. The emulsion 830 is exposed to the right image through mask 840. The emulsion 
5 830 can be exposed through contact printing or by projection with an enlarger (not shown). The 
mask S40 is then shifted to cover the right image strips and the emulsion is exposed to the left 
image. The emulsion is then developed, thereby producing interleaved left and right image strips 
in the emulsion, as shown in FIG. 15b. Although only left and right image strips arc shown in 
FIGS. 13-15b, these embodiments are not limited to any particular number of images. Left and 

10 right images are shown merely for ease of illustration. The number of images which can be 

interleaved in emulsion 830 is limited only by the limitations of conventional techniques used for 
interleaving images in an emulsion. 

One of the advantages of the invention described with regard to FIGS. 13-15b is that 
conventional photoprocessing techniques can be used to produce the autostereoscopic and 

15 dynamic images. Normally photographic materials consist of photographic paper with an 

emulsion thereon. The emulsion is exposed and developed to produce a photographic print. The 
present invention contemplates embossing the inner optic structure 830 an_d transparent substrate 
836 onto a photographic paper substrate (not shown). The thickness of the paper substrate can 
vary as can the thickness of substrate 826 depending on the desired total thickness of the product. 

20 A layer of emulsion, preferably print-type emulsion, is applied to the top surface of the ,. 

transparent substrate. The material which comprises the photographic paper, the inner optic, the 
transparent substrate, and the emulsion can be made commercially available as a photographic 
material. Conventional photoprocessing techniques can be used to expose and develop the 
emulsion to produce the autostereoscopic or dynamic images of the present invention. Although 

25 the .exposure technique requires interleaving multiple images in the emulsion, conventional 

techniques used for exposing an emulsion to produce interleaved image strips in the emulsion are 
suitable for use with the present invention. 

Generally, the width W of the image strips will be on the order of 0.001 inches. The 
thickness of transparent substrate S26 will depend on how thin the image strips can be produced. 

30 Generally, the height h of the transparent substrate will be on the order of 0.003 inches. The 
width of the bright zones 822 in the inner optic 820 is not a limiting factor and it will generally 
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be equal to the width of the image strips. The field of view 833 can be narrowed by decreasing 
the width w of the image strips (and the width of the bright zones) or by increasing the thickness 
h of substrate 826, or both. 

B. Engineered Scatter for Brightness Enhancement 
5 Another embodiment of the present invention provides a reflective substrate that controls 

scatter into a designed field of view. When this substrate is used as a printing or photographic 
substrate it has the effect of dramatically intensifying the brightness of an image, causing it to 
appear as though it includes a backlight. Conventional printing and imaging substrates, such as 
high whiteness papers, scatter light in all directions in a Lambertian distribution: the majority of 
10 the light illuminating the image is wasted, scattered away from the viewer. Thus, micro-optics 
engineered to direct reflected light in a specific field of view can be used to identify, 
authenticate, recognize or differentiate between a reproduction and an original, for example by 
comparing the content and quality of an image produced by the micro-optics. For example, the 
micro-optics described herein can be used to make a defined area of a diffuse substrate appear 
15 comparatively brighter. By varying the degree of light reflected into a field of view, for example 
by having areas with micro-optics differing in the effective radius of curvature, an image can be 
produced, for example an watermark image. This image is formed without using pigments or 
coloring agents, inks, or the like. 

An exemplary reflective substrate disclosed herein increases the apparent brightness of an 
20 area by constraining the scattered light to fall primarily within a designed field of view, or 'sweet 
spot'. The 'sweet spot' can be circular, elliptical, square, or other shape. The solid angle of the 
cone of the scattered light determines the intensification as compared with a Lambertian 
scattering surface. Intensification of the perceived image brightness by a factor of two or three is 
easily attained in the 'sweet spot' at the cost of reducing the perceived image brightness outside 
25 of the 'sweet spot* . The intensification effect can be so large that the image brightness 
overpowers surface glare and gives the image an 'almost 3-D' appearance. The reflective 
substrate can also be used without an image to provide an optically variable effect which is 
visually distinct and eye-catching. The apparent size of the 'sweet spot' determines its 
brightness: a wide field of view, such as sixty degrees, will provide modest brightness 
30 enhancement over a large range of viewing angles, while a tight field of view, such as ten 

degrees, will provide maximum brightness within a small range of viewing angles. In the latter 
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spo, » swept across the visual field, pricing an effect similar to the beam of a flashli-ht 

In another embodiment the scattering properties of the refle cdve surfaces can be pattern 
modtfied <„ any degree desheri with text, graphioa, ,ogoa, and even photographic images. Very 
ama d, ferences in the scadering ang,e can he nsed ,„ praJu ee subUe, almost cover,, watentrar, 
vffe a. „, n ger modificadon of the reflecdve surface properties pmrfuce ntore obvioua, overt,, 
visible, bnghtness differences. X 

to acbteve the destmd reflect effect, t^ug diffractive ^ 

Another embodiment of the present i„ve„Uo„ ia dWd ,„ a Ugh, conho, device which 
enhances the brightness o, an image mdepen(Ient 0( fte ^ ^ Qf fc 

nphcfocusmg events on which the intageiapiaced.-ntefocuaingefe^ofthe present 
— have geometlies wMch „ cuwed . n m ^ ^ (to _ ita ^ ^ ^ 

pmvtfe a partmular minimum field of view . ^ foaising ^ ^ 

„ of tha, focusing Cement and the a„gu,ar extent of the figh, source. B y controUin dte 
nummum field of view of the focusing elements, the ove.fi field „, view (hereto 
«ew, o ar, .mage can be conhoUed. This afiows hgh, to be reflected and concentrated .hrough a 
mnge of vtewtng aug.es which in nan, „ ows the ^ of „ ^ ^ 

h'Tt"f "''' :C '' 0n WhiCh ' S 0fte " SCen " glarc ' When symmetrical focusing elements are used 
l.gh from the focuatng element b centemd abom tte specu]ar 

ang es on eidter side of the ang.es of specular refi K fi„„ front which the image can be view* 

2 ZT dTT reaeC,i0n ' **■ *— " -* « ^.d of 

vtew c^ be pnrvtded whtch does no, iuCude the ang.es o, specu,ar reflecdon, .hereby aHowin. 

■he ang,ea of specular reflecdon ,o he avoided. When symmetrica, focusing elements avin- 
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narrow fields of view are provided, the light coming from the focusing elements is concentrated 
such that it overpowers the specular reflection, which is typically on the order of 4% of incident 
light. 

FIG. 16 illustrates the basic operation of the present invention wherein convex, 
symmetrical reflectors 114 are utilized which are below the surface of a transparent substrate 113 
and which reflect light 112 through a controlled range of viewing angles. Incident light 110 
impinges on the surface 1 13 and a portion is specularly reflected 1 11 at angles equal to the angle 
of incidence. Incident light 110 which passes through the surface of transparent substrate 113 
impinges on reflector 114. FIG. 31 depicts one embodiment of the present invention in which the 
convex reflector is a cylindrical shaped reflector having a focal point 109 located a distance 
equal to one half the radius of curvature of the reflector from the surface of the reflector. As 
incident light 110 strikes reflector 114, the light reflects along a line which passes through the 
focal point and which intersects the point at which the ray of light impinges on the surface of the 
reflector. The reflected light, as denoted by rays 112, is dispersed through a range of directions, 
called viewing angles. The range of viewing angles, or field of view, from reflector 1 14 is 
controlled by its geometry, including its radius, width, and degree of symmetry. FIG. 1 illustrates 
how reflector 1 19, having a smaller radius than that of reflector 1 14, produces a different pattern 
of reflected light. As incident light 115 impinges on the surface of reflector 119, light 117 is 
dispersed through a wider range of viewing angles than that shown in FIG. 16. Also, the closer 
that the proportions of a reflector approach a hemisphere, the wider the range of reflected 
viewing angles. 

FIG. 17 illustrates how reflector 119, having a smaller radius than that of reflector 1 14, 
produces a different pattern of reflected light. As incident light 115 impinges on the surface of 
reflector 119, light 117 is dispersed through a wider range of viewing angles than that shown in 
FIG. 17. Also, the closer that the proportions of a reflector approach a hemisphere, the wider the 
range of reflected viewing angles. 

FIG. 18 illustrates how the present invention allows the angles of specular reflection to be 
avoided. Incident rays 120 impinging on surface 123 are specularly reflected 121 at angles which 
are equal to the angle of incidence. On either side of the specular reflections 121 there are bright 
illuminations 122 coming from the second surface of the structure. These bright illuminations 



25 



WO0J/06IV8J 



PCT/USU3/02377 



can be viewed from angles diffe™, from lhe angle of spK „ |ar ^ ^ 

specular reflection viewing directions, which are usually seen as unwanted glare. 

If the reflectors are uaed in conjuncdon with a diffuse surface, light teflected from the 
^°'^«ne«o ranl a yte c M ee„«^ intoas ^ aroHdmgletali ^^ Ktedto]ii 
5 fte diffuse surface, so the Ugh, intensity within this range of viewing aog.es is greater than that 
resulting from the diffuse reflection. 

FIG. WHta^aplanviewofoneembodimentofftepte.entinvendonwhereinme 
reflectors 126 are cylindrical. FIO. 19 iUustratts another embodiment of fte invention wherein 
fte reflect m „ By vao „ g m ^ rf fte ^ ^ 

w tch fte brightness of an image wiU be enhanced can be altered. For example, when using 
eyhndrica, reflectors, the Ugh, souree, fte poin, of incidence on fc reflector, and the viewin. 
postbon mus, be subs«antiaUycopla„a, When using other shapes, such as oc,ago„ s orellipsls 
paralle, .ays of Ugh, which am incident upon fte surface may be reflected in many differen, 
nnecuon, A«ho„gh fteae shapes do no. unidirectional concent fte Ugh, as inteataely aa Ute 
cybnder, dte ma.eria! wifl , Mk brigh, over a wider range of angles due „ fte ftree dimensional 
curvantre of fte surface,. By using eHipsoids, fte anglea of teflecdon can be condolfed much 
Irke the cylinder, bu, a wider range of viewing angles can be rea liK d Although hexagonal 
concave reflect (discussed Mow ^ ^ fc ^ ^ ^ ^ ^ ^ 

Umrted ,0 anypardcularshapeoffocusingCement Asymmetric* patient of focusing e.eme» te 
-0 can also be creafcd which can provide g^ter control o, the Ugh, while also mdncing diffractive 
effects, as deaenbed below win, respect ,o FIGS. 30 and 31. An example of asymmetrical " 
focustng elements are fte truncated conical reflectors 162 shown in FIG. 21. 

FIG. 22 illustrates a cross-secdonal view of fte Ugh, connoi material of fte presen, 

25 rr "Tr 3 "" 5 ,he ~ ^ , *— ° m °- »• » **- ^ - ^ ^ 

66reflec,edfr„mreflec,o,a ■62,fter 1 eldofviewtsa.mos,„„ m al,„ftesu rf ace.60o„he 
hghlconfro, material. As St ated above, by using asymmeWca. focusing elements, a field of view 
can be provided which docs notftclude fte anglea of specular reflection. This allows a 
brightness enhance image ,o be viewed tough a range of angles which c„„,ams no specular 

30 TT , 165 indicatt ^ When ,he lishi — 1 — - * *— -« 

reya l«. S pccularreflccd„n(i,., 8te) wmbeavoided. As discussed, me.hods for creating fte 
mrcro-opt.es are hnown in fte art. For example mass replications of a me,al partem oan be made 
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in plastic by any of a number of methods such as by embossing using heat, pressure, solvents or 
some combination thereof. See U.S. Patent No. 4,888,260 to Cowan which is incorporated by 

reference in its entirety. 

As illustrated in FIG. 23, the desired field of view can be obtained by using convex 150 
5 or concave 151 focusing elements. Concave, reflective focusing elements are preferable, as will 
become apparent from the embodiments shown in FIGS. 25-29 and discussed below. The focal 
points 152 and 153 are located a distance equal to one half the radius of curvature from the 

surface of the focusing element. 

In the embodiment shown in the cross-sectional view of FIG. 24, the light control 
10 material of the present invention comprises a transparent substrate 170 such as a plastic film 

which is bonded to an embossed layer of polymer 172, preferably polypropylene, having convex 
focusing elements formed therein and a thin layer of metal 174, preferably aluminum which 
covers the focusing elements. The aluminum is preferably deposited by vapor deposition. A print 
or photographic image 176 is supported on the surface of transparent substrate 170. The structure 
15 of FIG. 24 may also be printed on aluminum layer 174 if a suitable ink is used on the exposed 
side of aluminum layer 174. Preferably, ultraviolet curing inks are used for this purpose. 
Therefore, the structure can be printed on both sides if desired. 

PIG 25 illustrates a cross-sectional view of another embodiment of the present invention 
wherein the light control material comprises a substrate 182 which may be transparent or opaque, 
20 which is bonded to an embossed layer of polymer 172, preferably polypropylene, having 

concave focusing elements formed therein which are covered by a reflective layer of metal 174, 
and a transparent overcoat 180 which is conformed to reflective layer 174 and which has a 
printable surface. A print or photographic image 176 to be brightness enhanced is on the surface 
of the transparent substrate 180 which is a transparent overcoat. One type of material suitable for 
25 use as overcoat 180 is ICI NEOCRYL acrylic emulsion A-630. 

If substrate 182 and embossed layer 172 are transparent, images can be carried on both 
sides of the light control material and they will be brightness enhanced by the focusing elements. 
If substrate 182 is opaque, it may be a plastic film such as Ti0 2 filled polypropylene film, 
artificial paper, or a cellulose paper. If the substrate 182 is transparent, it may be one of many 
30 transparent plastic films such as polypropylene or polyester depending on the desired mechanical 
stability characteristics of the opaque substrate. 
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HO. 26 illustrates » cross-sectional view of another alternative embodiment of the 
present tnvention wherein the light contro! material is illumed as doable aided and print or 
Photographic image, axe shown being carried on both sides. This m ay be desirable where for 
example, pen, or photographic images are to be earned on bod, sides of a page of a book or 
magaane. The light control material comprises transparent substrates 171 and 173 which are 
onented polypropylene or polyester, an embossed layer of preferably polypropylene 17a which 
> typteaHy extrusion embossed, having focusing elements formed therein, a reflective layer of 
metal 174 which is preferably aluminum for coating the focusing element, and a transparent 
adhestve 185, which is preferably an extnraion lamination of polypropylene. Print or 
10 photographic images 176 and 184 axe supported on Ore surfaces ofsubstta.es 171 and 173 and 
are brightness enhanced by the focusing elements. 

HG. 27 illustrates a cress-sectional view of an alternative embodiment of the light 
control matenal of the present invention. The light control material comprises a substrate 190 
such as paper, paper substitute, or film, depending on da. intended applicadon, an embossed 
15 layer of polymer 172, preferably polypropylene, having concave focusing elements formed 
therem, a reflective layer of metal 174 covering the focusing elements, and a transparent 
substrate whtch is a transparent conformal overcoat 189 and which is preferably of the same type 
described above with respect to PIG. 25 for overcoat 180. The overcoat .89 is preferably applied 

-*^™-Uer.T7-esurf a ceof„vereoa,l 8 ,iscoveredwimanemu 1 sio„187,wtichis 
20 preferably a photographic print emulsion. 

One of the advantages of the embodiment of HG. 27 is the ease with which the It°ht 
contto. materia, may be used with conventional photoorr^sing techniques. Once the emulsion 
187 has been applied to transparent substtate .89. a photograph can be produced by utilizing 
conventional exposure and developing techniques. The brightness of the photograph will be 

J enhanced by the reflective focusing elements in accordance with tire field of view provided by 
the focusing elements. Furthermore, if it is desirable to enhance the brightness of only selected 
pontons of the photographic image, tire pattern and/or geometry of the focusing elements may be 
vaned such that certain portions of the image are made brighter than others. The ability to 
seleetrvely enhance certain portions of a print or photographic image equaHy applies to all of the 

w embodiments discussed with respect to FIGS. 24-29. 
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PIG. 28 illustrates an alternative embodiment of the light control material of the present 
invention wherein the light control material consists of an embossed polymer layer 172 having 
focusing elements formed therein and a reflective layer of metal 174 which is preferably 
aluminum. The embossed polymer layer is preferably an extrusion embossed layer of 

5 polypropylene. The structure is preferably used to carry a print or photographic image on either 
or both sides and to enhance the brightness thereof. However, the structure of FIG. 43 can be 
used to brightness enhance an image which is not in contact with the light control material. For 
example, the light control material of FIG. 27 can be used to brightness enhance a liquid crystal 
display wherein a minimum field of view can be provided which is independent of the angular 

10 extent of the light source. The contrast of the liquid crystal display can be enhanced over the 
field of view and specular reflection which constitutes glare can be avoided or overpowered, as 
discussed above. 

FIG. 29 illustrates a cross-sectional view of a preferred embodiment of the light control 
material of the present invention. The light control material comprises a transparent substrate 
15 192, which is preferably oriented polypropylene, a transparent adhesive 194, preferably 

polypropylene, an embossed layer of focusing elements 172, which is preferably polypropylene, 
a reflective layer 174 covering the focusing elements, which is preferably aluminum, and a 
transparent substrate 196 which is typically a multi-layer material having heat seal properties and 
which may also contain an additional moisture barrier layer. For example, the multi-layer 
20 material may be comprised of polyethylene, nylon, and polypropylene. The nylon functions as a 
moisture barrier and the polyethylene acts as a heat seal. The print 176 is located between 
substrate 192 and adhesive 194. This embodiment represents the light control material of the 
present invention used in a typical packaging environment. A typical packaging structure 
normally has several layers of materials such as plastics and adhesives with the print embedded 
25 between the layers and a thin layer of metal which acts as an oxygen and moisture barrier. 

Therefore, this embodiment represents a cross-sectional view of a flexible film bag wherein the 
print 176 is brightness enhanced by the focusing elements. Reflective layer 172 serves the dual 
purpose of providing reflection and acting as an oxygen and moisture barrier. 

In all of the embodiments shown in FIGS. 24-29, focusing elements which are concave or 
30 convex can be used if desired. Also, all of the embodiments provide structures which can carry a 
print or photographic image on either or both sides. If a printed image is desired, preferably 
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parallel boundary lines is minimized. This minimizes constructive interference of light coming 
from the focusing elements which reduces diffractive effects. 

Asymmetric focusing elements can also be used to accomplish different objectives. For 
example, FIG. 21 illustrates a symmetric pattern of focusing elements created by using 
asymmetric conical focusing elements. Asymmetric reflectors allow greater control over the field 
of view than symmetrical reflectors. By providing a symmetrical pattern of asymmetrical 
reflectors, greater control over the field of view is obtained while providing a uniform field of 
view for enhancing the brightness of an image. However, diffractive effects may still occur if the 
center-to-center distance between focusing elements is constant. By creating an asymmetric 
pattern such as that shown in FIG. 31, diffractive effects can be reduced or eliminated, as 
discussed above. Although the pattern in FIG. 31 repeats on a periodic basis, the distance 
between repetitions is great enough with respect to the wavelengths of light provided by a light 
source to minimize diffractive effects. Furthermore, the pattern provides greater control over the 
field of view by providing a gradual change in the field of view, as discussed above. 

C. Metallized Replicated Microstructures for Absorbing Light 

Another embodiment of the present invention provides a metallized replicated 
microstructure that appears jet black because of strong absorption from multiple reflections and 
destructive resonances between high aspect ratio tapered shapes, for example tall cones. The 
metallized replicated microstructure enables the effect of ultra-high resolution, high contrast 
printing without the use of inks or pigments. The physical dimensions of the individual 
microstructures are on the order of a wavelength of light, so it is possible to 'print' black pixels 
at the limit of optical detection. Characters or patterns created using these metallized replicated 
microstructures are capable of attaining wavelength dimension pixels with maximum contrast. 

Metallized replicated microstructures of the present invention can be used to reproduce 
images, text, bar codes, and data patterns down to micron dimensions and with submicron 
resolution. As the ultimate resolution microprinting, these structures can be used to write whole 
sentences across the width of a conventionally micro printed letter T ! Thus, metallized 
replicated microstructures can be used for covert authentication of documents and information. 

Neither surface relief nor volume holograms can exhibit true black patterns. Metallized 
holograms accomplish the function of black through the use of specular surfaces and the function 
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Each time light which eniers the micro-optics containing tapered shapes describe herein 
is reflected, approximately 10% of the light may be absorbed. Due to the shape of the structures, 
light is reflected many times before there is a chance for the light to be reflected back out of the 
light trap. Since approximately 10% of the light may be absorbed each time the light is incident 
5 upon the structures, virtually all of the light that enters the light trap is absorbed. FIG. 32 

illustrates how the light trap works. As light 170 enters the light trap, it is reflected by the tapered 
structures 169 until all of the light has been absorbed. Approximately 40% of the light may be 
absorbed on initial impact. Therefore, it takes very few reflections before substantially all of the 
light has been absorbed. FIG. 33 illustrates one embodiment for creating a light control material 
10 which displays a black-and-white image in accordance with the present invention. 

FIG. 34 illustrates an alternative embodiment in which an embossment which displays a 
black-and-white image can be converted to display a color image. The embossment which carries 
the black-and-white image can be generated in accordance with any of the embodiments 
discussed above. The substrate 190 of the embossment can be overlaid with color transparencies 
15 192 and 193 which can be additive or subtractive. The black-and-white image, formed by 
generating light traps 189 in polymer layer 197, combination with the color transparencies 
produces a color image. 

In accordance with the present invention, high resolution black and white images can be 
created. Generally, the present invention allows a black and white image to be created with a 
20 resolution of at least 2000 dots per inch. By overprinting the high resolution black and white, 
image with a low resolution transparent color ink image, a high resolution color image is 
produced. As shown in FIG. 35, an embossment 201 has a high resolution black and white image 
formed therein as indicated by light traps 207. The printed color image may be comprised of any 
color images that can be printed by printers, such as cyan, magenta and yellow, for example 
25 The human eye has difficulty perceiving color edges without contrast. In accordance with 

the present invention, contrast is provided by a high resolution black and white embossed image. 
When the high resolution black and white embossed image is overprinted with transparent ink, 
the effect of a high resolution color image is created. 

As discussed above, an embossed black and white image can be produced by placing a 
30 master which is comprised of a substrate and a cured polymer layer in contact with a layer of 
liquid photopolymer and exposing the liquid photopolymer to ultraviolet light. Alternatively, a 
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invention provides a method of reducing image quality of a reproduction by embedding a micro- 
optic device into a substrate wherein the micro-optic device comprises a reflective surface 
having an effective radius of curvature causing greater than 50 percent, typically greater than 70 
percent of incident light to be reflected away from the vertical axis perpendicular to the substrate. 
By reflecting light away from the vertical axis perpendicular to the substrate, a majority of light 
is reflected away from light detection devices of photocopiers or scanners. 

The visual appearance of a sheet of the disclosed micro-optics is extraordinary: when 
viewed from directly perpendicular to its surface it appears to have a large black spot in its 
center. If the sheet is tilted away the black spot appears to slide down the page and off of it, into 
space, leaving the page bright and easily read. This unusual visual effect is valuable by itself as a 
document security device. 

The described micro-optics systems can be incorporated into a substrate to provide copy 
and scan protection for an entire document or it can be applied in smaller regions to provide 
selective optically variable and non-reproducible effects. The micro-optics can be patterned to 
display text, bar code, data, or image information which is only visible within the cone of 
darkness, near normal incidence. 

If the micro-optics are overprinted with information in black ink, that information will 
only be visible outside the cone of darkness but it will be invisible near normal incidence. 
Combining overprinted text with text incorporated into micro-optics can provide very strong 
document authentication and copy indication, such as using the overprinted text to display the 
words "This is an Original Document" at reading angles, while incorporating the words 'This is 
a Copy" in the micro-optics, visible only near normal incidence. A photocopy or scan of the 
document would only record the latter message, confirming that it is a copy. 
Off normal information can also be incorporated into the microstructure. For example, the words 
"NOT A" can appear off normal as black against a white background, while the word "EE52" 
can appear at near normal incidence as white on a black background. Viewing and tilting the 
original document bearing this micro-optic pattern would show the complete sentence "NOT A 
but copies and scans would only show the word " 
The shape and extent of the 'cone of darkness' can also be designed to provide an anti- 
eavesdropping effect. In this case the micro-optics cause the document to appear black from all 
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degree angle, so the visibility of information printed on an micro-optic coated substrate is not 
impaired for a person to view and read. Document reproduction devices such as photocopiers, 
scanners, and fax machines view a document with imaging optics that are disposed normal to the 
plane of the document in order to obtain an undistorted image. By reducing the reflected light 
intensity in the direction normal to the plane of the document, and micro-optic substrate can 
degrade the quality of the image obtained by a document reproduction device to a greater or 
lesser degree. If the reflected light intensity in the normal direction is reduced below a 
threshhold level particular to an individual document reproduction device, then that device will 
not be able to form an image of the document and the information on that document will be 
protected from duplication by that device. If the reflected light intensity in the normal direction 
is reduced by a sufficient amount, all conventional document reproduction devices can be 
prevented from forming an image and that document can be considered to be copyproof , 

scanproof , and f axproof . 

Any scene that can be viewed by the human eye can be photographed, so although a 
micro-optic treated document can be made immune to copying, scanning, and faxing, it can be 
photographed from those viewing angles that allow light reflection. A photographic image taken 
from an angle off of normal will be distorted, and would require additional complex prcessing to 
eliminate the distortion. It is a primary object of the invention to protect original documents 
from duplication by interfering with conventional document reproduction methods. 

FIG. 37 illustrates a typical reflected light pattern from a micro-optic treated substrate. 
This pattern can be linear, such that the light and dark zones appear as bands across the 
document, or the pattern can be nonlinear, taking other geometrical forms such as ellipses, 
hexagons, squares, circles, or patterns incorporating image or text information, such as company 
logos. The patterns can be caused to repeat across the document or to fill the area of the 
document with a single instance. The bounding angles of the dark and bright zones shown in 
FIG. 37 are merely for example; the design of the micro-optic system allows these angles to be 
chosen to suit the desired application. The pattern of dark and bright zones can be consistent 
across the micro-optic treated substrate or it can be variable, up to and including zones which 
may show no bright reflectance from any angle and zones which may show no dark patterns 
from any angle. 
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An exemplary micro-optic light and dark pattern to prevent photocopying, scanning and 
faxmg is a linear dark zone when viewed from a range of angles to either side of normal and 
bnght reflection zones when viewed at angles higher than the dark zone cutoff angles In 
between the dark and bright zone angles there is a brightness transition zone having an angular 
width that depends on the specifics of the micro-o P tic system employed for field of view control 

When the document is tilted from normal the dark zone appears to "slide off' the 
document into the space beyond it. When the document is tilted back toward normal the dark 
zone appears to "slide back on" to it from the space beyond it. 

The relative angular widths of the bright and dark zones can be designed to provide 
Ulummation of the whole document when viewed in the bright zone or to provide a narrow band 
of bnght illumination that can be scanned up and down the document by tilting it. A narrow 
bnght pattern such as this provides little impediment to a human observer, who can scan the line 
of illumination up and down the document as needed, while substantially increasing the 
difficulty of photographing the document, since multiple photographs would be required to 
completely capture the information content of the document. 

An alternate embodiment provides a nationally symmetric patterning of the bright and 
dark zones. In this embodiment the dark zone can appear substantially in the form of a circle of 
ehosen diameter. The dark zone can be smaller than the dimensions of the document, it can 
appear as a multiplicity of circular dark spots, oritcan be visually larger than the document so 
that it fills ,t entirely when viewed from a selected angle of distances. When the micro-optic 
treated document made from this substrate is tilted the dark zone(s) will appear to "slide off' and 
shde on" to the document in a manner similar to that described above for a linear dark zone 

A unique feature of the micro-optics is that the presence, angular extent, and position of 
the dark zone is substantially independent of the illumination angle. This degree of light control 
» not possible for a purely diffractive optical system. These micro-optics are not primarily 
diffractive, but are rather primarily nonimaging geometrical optics with physical structures and 
optical separations which provide substantially illumination-angle independent optical function. 

FIG. 3S illustrates the appearance of the relative dark zone and bright zone of one 
embodiment, without reference to the scale of the document. This figure shows the visual effect 
of rotanonally symmetric bright and dark patterns. As described above, the scale of the dark 
zone can be selected to multiply fill, underfill, or overfill the document for a selected ran*e of 
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viewing distances. This provides an additional measure of control for defeating document 
reproduction devices. 

FIG. 39 schematically illustrates a side view of one small region of a micro-optic treated 
substrate. The dark zone is defined as having an angular field of view (fov). Outside of the dark 
fov the treated substrate allows light reflection. In reality the line dividing the dark zone from 
the bright zones is not so sharp and distinct and there is a transition zone through which the 
intensity changes from one state to the other. 

FIG. 40 schematically illustrates a side view of a larger region of an exemplary substrate 
of the present invention, showing that the overall dark zone is formed by the overlap of a 
multiplicity of individual dark zones created by the field of view control micro-optics. So long 
as the dark zone Field of view exceeds the document reproduction device imaging field of view, 
the image formed by the document reproduction device will be degraded across its entirety. 

FIG. 41 illustrates the viewing of an exemplary document made from this material by a 
person such that the document is viewed from an angle outside of the dark zone field of view. 
The light reflected into this bright zone will generally appear to be scattered and non-specular, 
thereby creating an appearance similar to conventional paper. 

FIG. 42 illustrates the general form of a reflective micro-optic element. The largest 
dimensions of this micro-optic will typically fall in the range of 10 microns to 200 microns, 
preferably around 20 to 50 microns. The form of the optic is a cuplike or troughlike reflector 
opening toward the upper, printed surface of the substrate and truncated at its opposite end, , 
Disposed near to or coincident with the truncated narrow end of the reflector is a light absorbing 
pattern. This pattern may take the form of a long strip in the case of a troughlike reflector, a 
circular pattern in the case of a cuplike reflector, or other designed patterns. The reflector 
sidewalls can take a wide range of geometrical forms including linear (substantially forming a 
truncated V groove as a trough or the frustrum of a cone as a cuplike structure). 

FIG. 43 For any class of geometrical form there are an infinite number of variations of 
curvature, aspect ratio, truncation position, symmetry, and black zone geometry which will 
produce a single or a multiplicity of dark zones and bright zones. The general function of all of 
these optics is similar to non-imaging light concentrators such as compound parabolic reflectors 
(sometimes referred to as Winston collectors): over one set of viewing angles the reflector 
surfaces reflect out the light which appears to emanate from the truncated end of the reflector, 
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and over another set of viewing angles the reflector surfaces trap light incident through their 
larger apertures and scatter it back out through the larger aperture into another range of angles. 
The presence of the black zone at or near the truncated end of the reflectors limits the light 
available to be reflected into the first set of viewing angles. It effect, the reflector can only "see- 
the black zone over the first set of viewing angles. The second set of viewing angles are those 
winch collect the light scattered and reflected form the reflector surfaces at angles where the 
viewer cannot see a reflection of the dark zone. . 

Another way to characterize optics having the requisite function is: an imaging or non- 
imaging reflector that appears to be dark from viewing angles inside of the dark zone field of 
view because rays arriving in that space must originate from the black zone at the narrow end of 
the reflector. When viewed from angles outside of the dark field of view the reflector appears 
brighter because light reflecting into that bright zone traverses the reflector surfaces at angles 
winch do not cause it to be reflected into the black zone and thereby be absorbed. Rays entering 
15 the bright zone commonly experience at least two reflections and may experience many more 
depending on their degree of skew with respect to the reflector axis of symmetry. 

FIG. 43 illustrates a typical optical film structure of an exemplary embodiment, including 
a physical base material, light absorbing elements (black zones), and field of view controlling 
micro-optics. The function of the light absorbing elements (dark zones) may be incorporated 
into the base material, for example, by including light absorbing pigmentation in the base ' " 
material. An Encloak printing substrate may additionally include a planarizing layer over the 
optics, winch planarizing layer may also act as an ink or toner receptor coating, or an additional 
mk or toner receptor coating may be provided as the outer surface of the assembled Encloak 
substrate. The field of view controlling micro-optics may be partially or completely coated with 
a thin reflective film, preferably vapor deposited aluminum. 

While the invention has been disclosed in preferred forms, it will be apparent to those 
stalled m the art that many modifications can be made to the invention without departing from 
the spmt and scope of the invention. For example, the present invention is not limited with 
respect to the types of materials used to create the masters or embossments. Any materials which 
have the desired physical and optical properties may be used with the present invention The 
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embossments may also be generated by extrusion embossing wherein a molten extrudate is 
placed in contact with the master. When the extrudate cools it hardens and the resulting 
embossment is separated from the master. 
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CLAIMS 

We claim: 

1 • A micro-optically labeled article comprising: 

a surface having a plurality of micro-optic structures positioned in a specified 
pattern to display identifying optical information. 

2. The article of claim 1, wherein at least one micro-optic structure does not contain 
a pigment. 

3. The article of claim 1, wherein the micro-optic structure displays optical 
information using a combination of geometrical optics and diffractive optics. 

4. The article of claim 1, wherein the optical information is selected from the group 
consisting of an image, text, number, symbol, bar code and graphic information. 

5. The article of claim 1, wherein the inicro-optic structures have a surface relief 
greater than a micron. 



15 6. 
angle. 



The article of claim 4, wherein the image is formed independent of illumination 

7. The article of claim 1, wherein the displayed optical information identifies the 
article as an original article. 

8. The article of claim 1, wherein at least one micro-optic structure comprises 
a polymer having a first and second surface; 

wherein said first surface comprises a plurality of cylindrical lenses; and " 

wherein said second surface comprises a curved reflective surface and a light 
absorptive surface. 

9. The article of claim 1, wherein the plurality of micro-optic structures comprises 
reflective optical elements having an effective radius of curvature to reflect light 

into a specified viewing area. 

10. The article of claim 1, wherein at least one micro-optic structure comprises 

a plurality of plurality of tapered structures wherein said tapered structures are 
covered with a reflective material such that light is reflected among the tapered structures until 
substantially all of the reflected light has been absorbed. 

U. The article of claim 1, wherein at least one micro-structure comprises 
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reflective optical elements having an effective -radius of curvature to reflect light 
into a specified viewing area; and 

wherein at least one micro-optic structure comprises 

a plurality of plurality of tapered structures wherein said tapered structures are 
5 covered with a reflective material such that light is reflected among the tapered structures until 
substantially all of the reflected light has been absorbed. 

12. The article of claim 1 1 , wherein the reflective optical elements reflect light into a 

specific field of view. 

13. The article of claim 11, wherein light incident to reflective optical elements is 

10 reflected at an oblique angle. 

14. The article of claim 11, wherein the tapered structures absorb light from multiple 

reflections. 

15. The article of claim 8, wherein the absorbing surface comprises destructive 
resonances between high aspect ratio tapered structures resulting in a black image display. 

15 16. The article of claim 1, wherein the micro-optic system reflects specific 

bandwidths. 

17. The article of claim 8, wherein the micro-optic system forms a textual image 

within said polymer. 

18. The article of claim 1, wherein the article is a document. 

20 19. The article of claim 8, wherein the micro-optics form an identifying image. 

20. The article of claim 19, wherein the identifying image comprises graphics. 

. 21. The article of claim 20, wherein the identifying image is multicolored. 

22. A method for identifying an original, the method comprising: 

embedding a micro-optic structure into a surface of an original article, wherein in 
25 response to illumination the micro-optic structure forms an identifying image independent of 
illumination angle containing identifying information in relation to the article. 

23. The method of claim 22, wherein the micro-optic structure comprises: 
a polymer having a first and second surface; 

wherein said first surface comprises a plurality of cylindrical lenses; and 
30 wherein said second surface comprises a curved reflective surface and a light 

absorbing surface. 
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24. The method of claim 22, wherein the micro-optic structure controls light using a 
combination of geometrical optics and diffractive optics. 

25. The method of claim 22, wherein the micro-optic structures have a surface relief 
greater than a micron. ^ " 

26. ^™«hod of daim 23, whe rei „,he curved rcHeclive surface f„ ms animate 
beneath the first surface. 

artgle. 21 ' ™ e ° >eth0d °' C>aim M ' Wherci " ** ^ ' 0med indepe "* nt " ilIuminaIi °" 
28. lie metrod of claim 23, whe reil , the second surface is coated with a reflective 



10 material. 

29. 
30. 



The method of claim 28, wherein the reflective material comprises a metal 

The method of claim 22, wherein light incident to the polymer is reflected at an 
oblique angle. 

15 m „,« , 3 ' „ ^ me ' h0<, ° f ^ Whmin ^ abS °* ins surfaM *«■» fight from 
multiple reflections. - 

32 The method of claim 23, whemin the absorbing surface comprises destructive 
^^^^aspm^o^sW,^^^,^^^ 

bandwtl. ^ ° f ^ ^ ^ ** «— — ' 

20 3 ^ , Uemeth0d0f Clato23 - Wherei "*'^Ptio system forms a textua, image 

within said polymer. .-■ B 



35. 
36. 
37. 



The method of claim 22, wherein the original article is a document. 
The method of claim 22, wherein the identifying image comprises text 
The method of claim 22, wherein the identifying image comprises graphics 



38. The method of claim 22, wherein the identifying image is multicolored. 

39. A method of reducing image quality of a reproduction comprising 

embedding a micro-optic device into a substrate wherein the micro-optic device 

Zt s or a TT surface havins an effective radius of ~ C ^ *- » 

perpend c , ^ " ^ ^ ^ *" * iS ™* f ™ - vertical axis 

perpend.cular to the substrate independent of the angle of incidence. 
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41. A light control material for displaying identifying information for an article, said 
material comprising: 

a material body comprising 

a plurality of non-holographic microstructures arranged in a selected pattern to provide 
identifying information for the article. 

42. The light control material of claim 41, wherein the microstructures are structures 
less than 200 um in width and comprise micro-optics selected from the group consisting of 
geometrical optics, diffractive optics, and a combination thereof to form an image when 
illuminated. 
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